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ABSTRACT
The in vitro regenerationpotentialof shootapical
tips(2to3 111111in length),meJistems(0.:3to0.5111111in
Iength),andnodalsegments(4 to 7 mmlongvvithan
axilIary bud) of diploid (2n =2x =20) and hiploid (2n
=.3x=30)cytotypesof Arachispintoiwasevaluated.
Explantswereculturedon MS mediumsupplemented
with different concentrationsand combinationsof
naphthaleneacetícacíd (NAA) anelbenzyladenine
~BA).In oneexperimenttheeffectof gibberelIicacíd
wastested.The culturesweredonein liquidaneIsolid
media. Plant regenerationcan be readilyachieved
fromalI expIantsin onestepof 30d cultureon MS +
0.01mgILeachofNAA andBA or twostepsconsisting
of 1) shootsregeneratíonthroughcultureof explants
onMS +0.01mglLeachofNAA andBA,and2)induc-
tion of rootíngin regenerateclshootsby recultureon
MS +0.01mglL NAA. The plantletsweresuccessfuIly
transferredto potsin agreenhouse.
Key Words:Melistemculture,plantregenera-
tion,tissueculture,Arachisspecies.
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Planttissueculture,especiallyapicalmelistemtipsand
axíllmybudculture,hasbeenwidelyusedasausefultool
in rapiadonalpropagationof selectedgenotypesof a
broadrangeofcropspecies.Theuseofmelistemculture
forviruseliminationwasextensivelyappliedforanumber
of species,indudingArachishypogaeaL. (Chenand
Sherwood,1990)andinterspecifichyblidsof thegenus
Arachis (Dunbar et al., 1993;Morris et al., 1997;
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Radhakríshnanetal.,1999).Plantmelistems,aswellas
shoottipsandaxillmybuds,havebeen consideredas
excellentmatelialfor in vitro gennplasmpreservatíon
programs(StyerandChin,198.3;NehraandKmiha,1994;
Takagi,2000;Gagliardietal.,2002).
ThewilelpeanutspeciesArachispintoi(Krapov.anel
w.c. GregOlY),belongingto the sectionCaulorrhbae,
growsas a perennialherb (Krapovickasand GregOlY,
1994).Thereare diploid(2n=2x=20)(Fermí.nelezand
Krapovickas,1994)andtJiploiel(2n=3x=30)cytotypes
(Peñalozaet al., 1996).Amchispintoi (commonname:
perennialpeanutorpintope~mut)isanovel~mdimportant
foragelegumein tropical~U1dsubtropicalareasof the
word (Pizarroand Rincón,1994;Argel and Ramírez,
1996).
Althoughplantregenerationfromleafcultureof A.
pintoi,eitherthroughorganogenesisorsomaticembryo-
genesis(BurtnikandMroginski,1985;Reyetal., 2000),
havebeenrepOlied,thereis no repOlionsuccessfulin
vitmplantregenerationfrombothshootapicalmeristem
andnodalsegments.Thepresentpapel'desclibesthecul-
turalconditionsemployedto induceplcmtregeneratíon
frominvitmculturedmeristemaswellasnodalsegments
frombothdiploidandtriploidcytotypesofA. pintoi.
MaterialsandMethods
plantMaterial. Seedsof thediploidaccessionofA.
pintoiwereoriginallycollectedby A. Krapovickas~md
W.C.Gregoryin CruzdasAlmas,Ballía,Brazil(herbari-
umspecimenGregoryandKrapovickas12787,deposited
in CTES). Plantmaterialsfor thisstudywereobtained
fromseedsgenninatedin amixtureofsoilandsand(1:1).
TheplantsofthetriploidcytotypewereprovidedbyJ. F.
M. Valls from Embrapa/Cenargen,Brasilia, Brazil
(herbmiumspecimenLavia90,depositedin CTES) and
plantmatelialsusedin thisstudywereobtainedfrom
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adultHelel-grownplants.
Sourceof Explants.Theexplantswereexc.:iseelfro11l
60-el-oldinvitrngrownplantsobtaineelbycl1ltureofshoot
tipselissectedfromfieldgrownplantspreviouslysurface
steJilizedbyimmersionin 70%ethanolfor,30s followed
by immersionin a solutionof commerc.:ialbleach[0.9%
sodiumhypochlorite(finalconcentration)]plusonedrop
of Tween20@for 12minanelthenthoroughlywashed
threetimeswithautoelaveddistilledwater.Themedium
employedconsistedof MurashigeandSkoog(1962)salts
andvitaminswith.3%sucrose(MS),supplementedwith
0.01mglLbenzyladenine(BA)and0.01mglLnaphthale-
neaceticacid(NAA).Themediumwassolicüfiedbyusing
0.6.5%Sigmaagar(A-1296).ThepH of themediumwas
adjustedto.5.7\NithKOH DI'HCI pJiortoaddingtheagar.
The tubeswerecoveredwith aluminumfoil andauto-
elavedat1.46kgcm.2for20minoOneshoot ipwascul-
turedina11ccglasstubecontaining3ccofculturemedi-
um. The tubeswerethencoveredwithResiniteAF-.50@
film (CascoS.A.C.,BuenosAires)and incubatedin a
growthroomat27:t 2 C undera 14/10h daylightcyele
with an irradianceof 4..5pmolm-2s-1providedby cool
whitefluorescentlamps.
Protocols for Explants Culture. Three kindsof
explantswerecultured:shootapicalmelistein(0.3to0..5
111minlength,consistingofthedomeandapairofleafpli-
mordia),shoottips(2to3 mmin length),andnoda1seg-
ments(4to7 mmlongsegmentsof stembealinganode
,mda portionof underlyinginternode).Explantswere
dissectedirectly(withnosmfacesteJilization)from60-
d-oldin vitrogrownplantsandculturedin thesamecon-
ditionsasweredesclibedabove.The mediumusedwas
MS supp1ementedwithBA or NAA (O,0.01,0.0,5,0.1,or
1mglL)withO,0.1,0..5,or1mglLgibbereIlicacid(GA3)
incorporatedtothemediaafterstelilizationthroughbac-
teliologicalfilters(0.22pmMiIliporefilter).
In oneexpelimenttheeffectof liquidmedia(witha
blidge consistingof a HIterpaperas supportof the
exphmts)on the morphogenicresponsesof cultured
melistemswastested.In theotherexpelimenttheeffect
ofdifferentgeIlingagentsfromSigmaChemicalCo.(agar
A-1296, agarA-9799,agarA-7921,agargelA-3301,
agaroseA-0169andPhytagel,P-8169),liquidmediaa~-tatedat 100rpm, and membranerafts (Life Raft ,
MembraneRaft M 1917,and M 7288)on the mor-
phogenicresponsesofmelistemswerestudied.
ExperimentalDesign and ResultsAnalysis. Ten
explants(shootip,melistem,ornoda!segment)werecul-
turedpertreatment.TreatmentswerealTangedrandomly
ontheshelvesin thegrowthroom.Eachexpelimentwas
repeat~datleastthreetimes.After30d culturethemor-
phogenicresponsesoftheculturedexplantswererecord-
ed.MeansarepresentedwiththestandardelTor(SE).
RootingofRegeneratedShoots.Shootsofmorethan
.5mmin lengthwiththeplimaryexplantswereinducedto
formrootsafter30to40d of subcultureonMS supple-
mentedwith0.01mgILNAA.Theplantsobtainedirect-
lyin theestablishmentmediumorfromtlleshootsrooted
in tllerootingmediumwereh'ansfelTedinpotscontaining
amixof soilandsand(1:1)andcoveredwithplasticbags
for 2 wktopreventdes:iccationa dto aIlowacclimatiza-
tion.
ResultsandDiscussion
In vitro Establishmentof Shoot Tips From the
Field. ForbothdipIoidamItJiploidcytotypes,cultl1reini-
tiationfromexplantselissectedfromplantsgro\Vnin the
fieldwasacriticalstepbecal1seofthehighrate(onaver-
age60%)ofcontaminationof thecultureswithmicroor-
ganisms(bacteliaand/orfungus).Sinceshoottipswere
dissecteelfromplantsgrO'vvnoutsideofgreenhol1se,these
resultswereexpecteelanelhavealsobeenreportedfor
manyplantspecies.Thecontaminationcouldprobablybe
reelucedsignificantlyby usingmorehygienicstockof
plantsgrowningreenhousesamItreateel\vithanappropli-
atecombinationof chemicalsto reduceinfectionwith
pathogens(Cassells,2001).Ontheotherhand,thebrown-
ingof theexplantsculturedwasanothersourceof losses
duringestablishment(onaverage20%).
However,approximately20%of theculturedexplants
remainedgreenandshowedtheearliestsignof growth
within1.5d ofculture.Theshoot ipsenlm'gedconsider-
ablyandby60d culture,regeneratedshoots01'complete
plantswere,5to6"cmi1~lengthwithatleast.5to6expand-
ed leaves.It wasneverpossibleto observenewshoot
budsdevelopedfromtheaxils.Theseresultsarenotin
agreementwiththoseobtainedin pe,mutbyEapenetal.
(1998),butin thiscaseit is interestingtonotethatthey
usedotherplantspeciesandshoottipsfromimmature
seeds.In addition,theysupplementedMS mediumwith
ahighconcentration(.5mglL)of BA.Thismediumcould
inducethel1lptureofapicaldominance,andconsequent-
lypromotethedevelopmentofshootsfromaxillmybuds.
Shoot Tips and Nodal SegmentCultures from
Diploid Cytotype.Unlikethein vitroestablishmentof
theHeld-grownplants,whenshoottipsandnodalseg-
mentsweredissectedfromin vitro shoots,theratesof
contaminationwithmicroorganismsandthebrowningof
theculturedexplantswereinsignificant.Contamination
andbrowninglevelswerenotgreaterthan.5%.Figure1
summmizesthe effectof the supplementationto MS
mediumwith10combinationsof NAA andBA onplant
regenerationfrom shoot tips and noda1segments.
Althoughboth explantspermittedphmtregeneration
independentlyof the culturemedium,noda!segments
appearedtobeslightlybetterthantheshootips.On the
otherhand,thebestculturemediumconsistedofMS sup-
plementedwith 0.01 mg/L each of NAA and BA.
Concentrationsof NAA higherthan0.0.5mglLin combi-
nationwith0.01DI'0.1BAwerenoteffectiveforinducing
plantregeneration.Similarresultswereobtainedbyusing
0.01mglLNAAin conjunctionwith1mglLBA.Asmany
as90%ofthenoda!segmentscultured uling30donMS
+0.01mglLNAA +0.01mgIL BA regeneratedwhole
plantsdirectlyfromtlle budswithoutcallusformation.
Gagliardietal. (2002)workedwithA. retusa(Krapov.,
vv'C.Gregory,,mdVa!ls),A. macedoi(Krapov.andvv'C.
Gregory),andA. burchellii(Krapov.andvv'C.Gregory)
tissuesandrecommendedthecultureof noda!segments
onMSin thepresenceof2.7pM (:tO..5mglL)NAA asthe
solegrowthregulator.
MeristemCulturesfrom Diploid Cytotype.The
contaminationwithmicroorganismsandtllebrowningof
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Fig. 1. Effect of 10 combinatiunsof NAA amIBA suppIemented
to MS mediumun thepIantregene,-ationby in vitro cultUl'e
of shoottips01'nodalsegmentso1'A.pintoi.(Verticalbarsrep-
resents:!:SE).
theculturesmelistemswererelativelylow(::;.5%of the
explants).After.30d ofclllture,theremainingmeJistems
e":pressedfourtypicalgrowthresponses:1)regeneration
ofwholeplants(Fig.2d),2)regenerationofshoots(with
eJ\.l)andedI aves)ofmorethan.5 mmin length(Fig.2c),
3) only expansionof leaves(Fig. 2b),01'4) regenerationof
shoots (withoutexpandedIeaves)of less than .3 mm in
Iength(Fig.2a).ThereIativeproportionoftheserespons-
eswasgreatIyaffectedbytheculturemediumemployed.
An appropJiatecombinationof NAA andBA seemstobe
p'
'f
,Fig. 2. Morphogenicresponsesof melistemsof A. pintoi cultured
in vitro (bars5mm).a)Regeneratedshoot(withoutexpansion
ofIeaves)lessthan3mm.b)Regeneratedshoot(withexpand-
ed leaves)of more than3 mm. c) Regeneratedshoot(with
expandedleaves)01'morethan5 mm. d) Regeneratedplanto
e) Regeneratedshootin a mediumwith high level of BA (3
mglL).
a veryil11pOliantfactorto considerfor obtcúningplant
regeneration(Fig.3).Hereagain,aIthoughplantregener-
ationanellorshootsgreaterthan.5mmin lengthwere
obtailledinvmiousmediaofcuIture,thebestresultswere
obtainedbyusingMS suppIementedwith0.01l11g1Leach
of NAA andBA.Thisl11ediull1perll1itted17%of thecul-
turedl11eristel11Sto regenerateinto pIants(Fig. 3).
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However,byrecultureof theremainingexplantscmthe
samemedillmfor50d,asmanyas,5,5%oftheexplantsdjf~
ferentiatedwholeplantsamI4.5%prodllcedshoots(with
expandedleaves)ofgreaterthan3 mmin length.These
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Fig. 3.Effect of valiouscombinationsbetweenNAA and BA sup-
plementedto MS mediumon themorphogenicresponsesof
melistemsof A. pintoi culturedin vitro. (Verticalbars repre-
sent:tSE).
shootsweresuccessfullyrootedwhentheywerecultured
onrootingmediull1.
It is interestingto notethatwhenmelistemswere
culturedonMS suppIementedwitharelativelyhighcon-
centrationfBA(Le.,3mglL),shoots\vithShOliintern-
odesandseveraleJ\."p,mdedl aveswereobtained(Fig.2e).
The regenerationof new shootsfrom axiJIal'Ybuds
occurl'edinafewcases.Thefrequenciesofplantl'egenel'-
ationarenotsignificantIymodifiedif themediumcom-
posedbyMS +0.01mgIL NAA +0.01mglLBA issupple-
mentedwithgibbel'ellicacidusingeithersemisolid01'liq-
uidmedia(Fig.4). Ontheotherhand,aIthoughpIantand
shootregenerationfrommeristemsof A. pintoicanbe
readilyachieved(withsimilarpel'centages)byusingvmi-
oussystemsofcultul'einvolvingdiffel'enttypesof gelling
agents,mdmembranes(Table1),mostofthemproduced
hypel'hydlicphmts01'shootswhichcausesaseJiousprob-
% support: agar A-12gB
bridgewitha filterpaperas
suppert01theexplant
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Fig.4.Effectof valiouscombinationsof NAA, BA and GA3 sup-
plementedto MS mediumon the morphogenicresponsesof
melistemsor A. pintoi cultured in vitro in solid and liquid
media.(Verticalbarsrepresent:!:SE).
lemin tissuecultureandlimitsthel11icl'opropagatioll.
The consistencyof the l11ediul11andthe typeand
concentrationfthegeJJingagenthavebeenrelatedtothe
developmentofhypel'hydricity(Gaspm~1991;Deberghet
al.,1992).Theuseof Mel11braneLife-Raft(M-1917)was
theonlyculturesystemtestedwhichwaseffectivein eJim-
inatinghyperhychicity,whereasoneof theagal's(A-1296)
usua]]yemployedin tissueculturepl'oducedafewhyper-
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Table 1. Effect of sixgeIlingagentsand membranerafts
on the regenerationof plantsor shootsfrom meris-
temsof A. pintoi culturedon MS +0.01mg/L NAA +
0.01mg/L BA (Resultsarte!"60 d culture).
Ml>ristt'ms
limning
plants or Shoot5"
%
64 (:1:10)e
64 (:1:5)
6S (:1:7)
54 (:i:l2)
59 (:1:6)
.52(:1:6)
71 (:l:S)
69 (:1:5)
S\'stt'mof
eulturt'
SlIpport 01'
explants
l'lants or shoots
hypt'rhyclrk
%
3 (:1:1)
9 (:1:l)
23 (:1:4)
:31(:1:6)
IS (:1:3)
40 (:1:2)
42 (:1:4)
O
So]¡d Agar (A-1296)"0.6.5%
Agar (A-9799)0.50%
Agar (A-792l) 0.70%
Agarose(A-0169)O.H9%
Agargt>l(A-.'330l)0.40%
l'hytagel(I'-S169)O.lH%
With agitation120]1)m
Memhrane Lift' - Raft
(M-19l7)
Memhrane Lile - Raft
(M-72HH)
20 (:1:4)
LiCluid
4.5(:1:H)
''Onlyshootsof more than.5mm in Iength\Vereseorell.
"Inlimmltion within parenthesisis the eode01'the Sigmaprodud.
'Numbers in parenthesisarestandardelTOrs.
!~\i:fi
hydIicplants(Table1).
BasedonthemOl})hogenicresponsesofthemeIistems
ofA. pintoiincludedin thepresentstudy,it ispossibleto
concludethat the concentrationand combinationof
growthregulatorsgovernplantregeneration.Thebenefi-
cialeffectof thepresenceof NAA andBA in theculture
mediumfor caulogenesisor plant regenerationf1'om
meIistemsof A. hypogaeawasdemonstratedpreviously
(I«uthaetal.,1981;Monisetal.,1997;Radhakrishnanet
al.,1999).However,theconcentrationsof NAA andBA
1'ecommendedasoptimumbytheseauthorswereslightly
differenthantheonesohtainedinthisstudy.Karthaetal.
(1981)repOltedthatwholeplantregeneration,withafre-
quencyof 75%,occurredwhen0.1pM (0.02mglL)BA
wasappliedincombinationwith10pM (1.86mglL)NAA.
However,Monis etal. (1997)andRadhakrishnanetal.
(1999)recommendedusinglmgIL eachofNAA andBA.
On theotherhand,Bajaj(1983)used2 mg/Lindolacetic
acid+0.2mglLBA toobtainshootsin 70to80%of the
excisedmeIistemswithin4to6wk.
Shoot Tips, Meristem and Nodal Segment
Cultures from Triploid Cytotype.Like the diploid
cytotype,th1'eetypesofexplantsfromatliploidcytotype
we1'eculturedin vitroonMS +0.01mgILeachof NAA
andBA andpermittedplantorshootregeneration(Table
2).Shootswereinducedto formrootsbycultuIingthem
onarootingmedium.Thefrequencyofrootedshootswas
high(qa.80%in allcases)andtheplantletsweresuccess-
fullytransplantedtosoil.
Conclusions
The results uggestthatplantregenerationfromboth
diploidandtriploidcytotypesofA. pintoicanreadilybe
achievedthroughshoottip,meristem,or nodalsegment
cultureon MS +0.01mg/LeachNAA andBA. Whole
plantscanbeproducedinonlyonestepof30dcultureor
in two stepsinvolvingregenerationof shootsandthen
Table 2. Plant and shoot regenemtionfrom shoot tips,
meristemsandnodal segmentsof triploid (2n=3x=
30)A. pintoicultureddUJing30 don MS +0.01mg/L
NAA +0.01mg/L BA.
Explants
Explants feJr111ing
Shoots"J. Plants
% %
29(:1:5) 12(:t.'5)
2Ci(:t5) Ci(:t.'5)
:37(:t7) CiO(:t8)
Shoottips
MelÍstems
Noda!segments
"Onlyshootsmorethan.'5mmin length\Verescored.
"Nümbersin parenthesisarestandarderror.
rootingtheregeneratedshootsin MS +0.01mglLNAA.
Rapidprogressin theapplicationof theseprotocolsto
micropropagation,eliminationofviruses,andgermplasm
preservationofA.pintoiisexpected.
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